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Abstract 
In recent years, intellectual capital (IC) has become the main asset of leading companies. Because the 
nature of intellectual capital is intangible and difficult to measure, it becomes a challenge for researchers
to evaluate intellectual capital performance efficaciously. Different kinds of methods have been suggested 
to help managers evaluating performance of intellectual capital. Having analyzed past studies which have 
ignored the impressible state of intellectual capital indicators; a new model was proposed utilizing the 
analytic network process (ANP) method. The analytic hierarchy process (AHP) aims to formulate and 
prioritize the IC measurement indicators. Many decision-making problems cannot be structured 
hierarchically because they involve interaction of various factors. The analytic network process is a 
mathematical theory that can deal with all kinds of dependence systematically. The analytic network 
process is a general theory in the ratio scale that measures influence, based on a methodology that deals 
with dependence and feedback. ANP can be applied to analyze the interactive relations between factors 
with proper measurements of the weight for each factorial criterion. This paper presents esults of selected 
IC subcomponents and their dependencies in the most successful dairy company in Iran (Haraz Dairy). 
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1.  Introduction 
Over the last decade managers recognized the importance of evaluating and categorizing the 
intellectual capital of their companies. Measuring intellectual capital is on the agenda of most 21st century 
organizations (Marr and Schiuma, 2004). The researches concentration on brand value, innovation, 
customer loyalty, commitment and other relevant concepts shows the importance of implementing the 
intellectual capital. Intellectual capital can be defined as a combination of customer (external) capital, 
structural (internal) capital, and human capital (Bontis, 1996; Bontis and Fitz-enz2002; Edvinsson and 
Malone, 1997; Roos et al., 1997; Stewart, 1997; Sveiby, 1997). 
Most of the evaluation methods that used for categorizing intellectual capitals ignored the 
dependencies between subcomponents. A number of classification schemes used Analytic Hierarchy 
Process method for evaluating and selecting projects was studied by many authors (Han &Han, 2004; 
Sirikrai& Tang, 2006; Bozbura&Beskese 2007; Chen, 2009; Kim & Kumar 2009; Lee 2010). Saaty 
suggested the use of AHP to solve the problem of independence among alternatives or criteria, and the use 
of Analytic Network Process (ANP) to solve the problem of dependence among alternatives or criteria 
(Saaty, 1978).  
The purpose of this study is to evaluate and prioritize the intellectual capital’s subcomponents by 
consideration of their dependencies. First of all, Haraz Dairy Company that has the largest market share 
among diary companies in Iran was selected. During the interviews with top managers they emphasized 
that there are lots of dependencies between IC subcomponents. Then the analytic network was 
constructed and giving weights to the dependencies by using Delphi-based questionnaire were done. 
Finally the results were acceptable in according to company’s innovative polices. 
 
2.  Literature Review 
2.1. Intellectual Capital 
Engstrom&Westnes (2003) identified that there is no uniform definition of intellectual capital. 
Intellectual capital consists of assets created through intellectual activities ranging from acquiring new 
knowledge (learning) and inventions to creating valuable relationships (Wiig, 1997). A firm’s intellectual 
capital equals the difference between its market and book values (Fernandez, 2003). Intellectual Capital 
by definition is collective knowledge individually or collectively in an organization or society that can be 
used to produce wealth, multiply output of physical assets, gain competitive advantage, and/or to enhance 
the value of other types of capital(Casey, 2010).Pablos (2002) identified three sub-phenomena that 
constitute the concept of intellectual capital: human capital, relational capital, and organizational capital. 
Stewart (1998) recommended human capital, structure capital and customer capital. Edvinsson (1997) 
divides structure capital into organization capital and customer capital. There is a widely accepted three-
category IC classification into human, structural or organizational, and customer or relationship capital 
(Saint-Onge, 1996; Edvinsson and Malone, 1997; Sveiby, 1997; Roos et al., 1997; Stewart, 1999). 
 
2.1.1. Human Capital 
Human capital is the accumulated value of investments in employee training, competence and the 
future (Skandia, 1996). Malone (1997) defines human capital as the combined knowledge, skill, 
innovativeness, and ability of the company’s individual employees to meet the task at hand. It also 
includes the company’s values, culture, and philosophy. Also human capital represents the individual 
knowledge stock of an organization as presented by its employees (Bontiset al., 2002). 
 
2.1.2. Structural Capital 
Roos et al. (1997) define structural capital as what remains in the company when employees go home 
for the night. Malone (1997) describe structural capital as the hardware, software, databases, 
organizational structure, patents, trademarks, and all organizational capabilities that support the 
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employees’ productivity. Structural capital includes all the non-human stores of knowledge in 
organizations, which include the databases, organizational charts, process manuals, strategies, routines and 
anything whose value to the company is higher than its material value (Bontis et al., 2000). 
 
2.1.3. Customer Capital 
Customer capital is both the current value of an organization’s relationship with its customers and the 
potential future value of these relationships (Engstrom & Westnes, 2003). It is knowledge embedded in 
organizational relationships with customers, suppliers, stockholders, strategic alliance partners, etc. 
(Bontis, 1998). 
 
2.2. Evaluation methods 
Different methods used for evaluating the intellectual capitals, each of them try to evaluate concepts 
with higher accuracy. And also we have different methods for measuring the intellectual capital. 
Andriessen (2004) says in the past ten years the intellectual capital (IC) community has produced an 
overwhelming amount of new methods for the valuation or measurement of intangibles and identifies over 
30 methods and analyses 25 of them. Chen (2003) used illustrates how options theory and game theory 
may be usefully combined to value intellectual capital in strategic scenario planning .Han (2004) makes a 
decision model based on the analysis of the conceptual framework, and uses analytic hierarchy process to 
make it possible to extract weights. Bozbura & Beskese (2006) apply a methodology based on the extent 
fuzzy analytic hierarchy process to improve the quality of prioritization of organizational capital 
measurement indicators.  
Banwet&Deshmukh (2008) uses an integrated data envelopment analysis and analytic hierarchy 
process to evaluate and compare the performance of national R&D organizations in India. Tai & Chen 
(2009) design a suitable model for IC performance evaluation by combining 2-tuple fuzzy linguistic 
approach with multiple criteria decision making method. Asonitis & Kostagiolas (2009) present a 
methodological framework based on AHP for the identification of a hierarchy among the three categories 
of intellectual capital. Costa (2012) selects Data Development Analysis and Malmquist Productivity index 
for appraising the productivity of intangibles. Lee (2010) uses fuzzy AHP to formulate and prioritize the 
IC measurement indicators for constructing the IC evaluation model as decision guidelines. 
 
2.3. Analytic Network Process 
Two of the most important methods of Multi Criteria Decision Making (MCDM) are the Analytic 
Hierarchy Process (AHP) and the Analytic Network Process (ANP). Other methods may be named as the 
Weight Sum Model (WSM), the Weight Product Model (WPM), Elimination and Choice Translating 
Reality (ELECTRE), the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), and 
Revised (Multiplicative) AHP (RAHP-MAHP) (Triantaphyllou, 2000). ANP is a special case of AHP 
(Percin, 2010). The AHP/ANP approach offers several advantages over the other techniques, despite 
certain drawbacks such as rank reversal and the number of judgment elicitations that are needed (Sarkis, 
2005). 
 “The logic about what can or should happen to rank when the alternatives depend on each other has 
always been that anything can happen. Thus, when the criteria functionally depend on the alternatives, 
which implies that the alternatives, which of course depend on the criteria, would then depend on the 
alternatives themselves, rank may be allowed to reverse. The Analytic Network Process is the 
generalization of the AHP to deal with ranking alternatives when there is functional dependence and 
feedback of any kind,” (Saaty, 1996). 
Because the ANP (1996) is newer than the AHP (1980), there are a limited number of studies on this 
topic. Despite of this lack of research, there are studies that have shown that there are advantages of the 
ANP over the AHP (Sarkis, 2005). In the ANP rank reversal problem is appeased, thereby it is more 
accurate and useful (than the AHP) as a decision support instrument for intricate situations. While the 
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ANP and the AHP are based on user supplied preferences among the factors and provide utility weights 
for the alternatives, they differ from each other in the number and types of pair wise comparisons, and also 
in the manner by which utility weights are actually computed (Cheng, 2004). Thus for decision making in 
a qualitative and uncertainty area ANP was preferred to AHP. 
 
3. Methodology 
As stated earlier the purpose of this study is to evaluate and prioritize the intellectual capital’s 
subcomponents in a dairy company. Three components were considered for intellectual capital; human 
capital, structural capital, and customer capital. The next step was to identify the subcomponents that 
comprise the intellectual capital of the dairy company. To develop it the data and information needed for 
this matter gathered by consulting of company’s top managers that have enough knowledge about 
intellectual capital. All of managers have minimum bachelor degree in the field of management or 
so.Twenty five participants were participated for work groups. In the brainstorming sessions more than 
50intellectual capital subcomponents were presented, that accepted to decrease them to 14 
subcomponents. These IC factors (subcomponents)help to attain high management performance in the 
dairy company. The results are shown in Fig.1. 
 
 
 
Fig.1. Intellectual capital components and subcomponents of the dairy company 
 
 
3.1. Model construction 
The constructed intellectual capital network is shown in Fig.2. Human capital, Structural capital and 
customer capital are the clusters, and IC subcomponents are the nodes. The network node connections are 
not presented, because the relations become impossible to identify. 
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3.2 Pairwise comparison 
To identifying the relative importance of IC components and subcomponents questionnaires were 
provided based on Delphi method with the evaluation scale of importance, desirability and feasibility. 
According to Helmer (1977) Delphi represents a useful communication device among a group of experts 
and thus facilitates the formation of a group judgment. The measurement scale proposed by Saaty (1988) 
is a 1 to 9 point scale. Thomas Saaty developed the scale shown in Table 1 (Saaty, 2008). 
Experts were asked to approve the effect of each of the three clusters on the other two, with respect to 
cluster1 (C1), cluster2 (C2) and cluster3 (C3). Also the node’s relative importance of each component 
(cluster), with respect to every other node (subcomponent) was provided sequentially. Finally the results 
that present in 70 percent of questionnaires were accepted. The first questionnaire asks about cluster 
comparisons with respect to one of the clusters. In the same way the second questionnaire asks about the 
node comparisons within one cluster, with respect to every other node one by one.  
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3.3. Supermatrix formation 
Finally all the questionnaires were answered and the model which contains clusters, nodes and 
connections in Super Decision software was created. Then the comparisons added to the software. Then 
the software calculates the Unweighted Supermatrix, Weighted Supermatrix and Limit Matrix. Under each 
matrix, we have indicated a consistency ratio (CR) comparing the inconsistency of the set of judgments in 
that matrix with what it would be if the judgments and the corresponding reciprocals were taken at random 
from the scale (Saaty, 2002). The consistency ration in all the pairwise comparison matrices was less than 
0.2, which is a tolerable C.R. according to Saaty (2001). 
 
3.4. Step4: Selection of the best alternatives 
The Limit Matrix demonstrates the prioritizing. The limit supermatrix is obtained by raising the 
weighted supermatrix to powers by multiplying it times itself.  When the column of numbers is the same 
for every column, the limit matrix has been reached and the matrix multiplication process is halted (Saaty, 
2002). The resultant priorities when the weighted supermatrix stabilizes are the weights that are needed for 
evaluating and prioritizing the IC subcomponents. There are two kind of prioritizing available after software 
calculation; Normalized by Cluster, and Limiting. The Normalized by Cluster values are obtained by 
normalizing the priorities in each component so they sum to 3.0 for three components of IC. And 
Limiting values are the results from limit matrix outcome, which the priorities of all the subcomponents 
(nodes) arise from them. 
 
4. Results 
The weights of components and sub components were calculated by Super Decision software. First 
the comparisons of three components (cluster) were entered, and Super decision computed the normalized 
results.  Then the nodes comparisons with respect of any other node related entered. Super Decision 
calculates the weighted supermatrix and limit matrix for prioritization. The results are shown in Table 2, 
Fig.3 and Fig.4. The weighted matrix is shown, which is the result of comparing all the subcomponents of 
IC is calculated, but these components cannot be evaluated by this matrix. Weighted Supermatrix is the 
same as the Unweighted Supermatrix because the clusters are not weighted.  Raising the Weighted 
Supermatrix to powers generates the Limit Matrix from which the ultimate answers are extracted. So the 
Limit Matrix in Table4 is the result of Super Decision calculation. Now each row has a same weight and 
prioritizing can be done easily. 
 
 
The prioritization of sub components is shown in Fig.3. It’s obvious that the Innovation has the upper 
rank, and process effectiveness, organizational culture, technology transfer, information system, 
commitment, know how, IT satisfaction, employee satisfaction, brand value, competence utilization, 
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customer loyalty, customer retention rate and customer satisfaction are in sequence the other important IC 
subcomponents or intellectual capital factors. 
In human capital (shown in Fig.4) component innovation was evaluated first and commitment, Know 
How and competence utilization are in order next important subcomponents. In the same way the sub 
components of structural capital and customer capital has prioritized. These are the Super Decision results 
which are normalized by clusters. 
 
5. Conclusion 
A procedure to identify and priorities the Intellectual Capital in a dairy company was developed. This 
study involved identifying the IC components and subcomponents for the dairy company and the 
evaluations which includes intermediate dependencies. We should notice that the ANP model’s 
development was essential; because the interrelationship dependencies between IC factors cannot be 
ignored. There searchers who tried to evaluate intellectual capital often used AHP method which doesn’t 
consider the dependencies. In the other hand ANP model facilitates the process of assigning weights, 
because ANP divides the problem into comprehensible parts that helps managers to have a good 
comparison between two elements. In Haraz Dairy Company most important IC factor is innovation. 
Each season this company produces different types of products. The result of this research shows that 
Innovation should be the most important intellectual capital factor for a dairy company, and this result is 
acceptable regarding to Haraz policies. They really pay heed to innovation more than other IC factors. 
 
References 
Andriessen, D. (2004), IC valuation and measurement: classifying the state of the art, Journal of 
Intellectual Capital, Vol. 5 Iss: 2 pp. 230 – 242. 
Bontis, N, Chua, W.C, Richardson,S.(2000), Intellectual capital and business performance in Malaysian 
industries, Journal of Intellectual Capital, Vol. 1 No., 1. 
Bozbura, F. T., Beskese, A., (2007), Prioritization of organizational capital measurement indicators 
using fuzzy AHP, International Journal of Approximate Reasoning, 44(2), pp.124-147. 
Casey, N.H. (2010), Integrated higher learning - An investment in intellectual capital for livestock 
production, Livestock Science 130, pp. 83–94. 
Cheng, E.W.L. and LI, H., (2004), Contractor selection using the analytic network process, Construction 
management and Economics, 22, 1021–1032.. 
Chen, Y., Cook, W.D., Li, N., Zhu, J.,(2009),Additive efficiency decomposition in two-stage DEA, 
European Journal of Operational Research 196 (3), 1170–1176. 
Coulter, K. and Sarkis, J. (2005), Development of  a media selection model using the analytic network 
process, International Journal of  Advertising, 24(2): 193-215. 
Edvinsson, L. and Malone, M. (1997), Intellectual Capital: The Proven Way to Establish Your 
Company’s Real Value by Measuring its Hidden Brainpower, Biddles Ltd, Guildford, King’s Lynn and 
London. 
Engstrom, T.E.J. Westnes, P., Westnes, F.S.(2003),Evaluating intellectual capital in the hotel industry, 
Journal of Intellectual Capital, 4(3), 287-303. 
Fernandez, P. (2003), Three residual income valuation methods and discounted cash flow 
valuation,Pricewaterhousecoopers chair of finance. 
143 Arman Nedjati and Gokhan Izbirak /  Procedia - Social and Behavioral Sciences  107 ( 2013 )  136 – 144 
Han, D., & Han, I. (2004), Prioritization and selection of intellectual capital measurement indicators 
using analytic hierarchy process for the mobile telecommunications industry, Expert Systems with 
Applications, 26, 519–527. 
Helmer, O. (1977), Problems in futures research: Delphi and causal cross-impact analysis,  Futures, 
February 1977, pp. 17-31. 
Kim, D., Kumar, V. (2009)A Framework for Prioritization of Intellectual Capital  Indicator in R&D, To 
appear in Journal of Intellectual Capital, Vol. 10, No. 2, . 
Kostagiolas, P.A. (2012), Managing Intellectual Capital in Libraries: beyond the balance sheet, 
CHANDOS Publishing, Information Professional Series, Oxford, U.K. 
Marr, B. (2004),Measuring and benchmarking intellectual capital, Benchmarking: An International 
Journal, 11, 559–570. 
Lee, S.H. (2010), Using fuzzy AHP to develop intellectual capital evaluation model for  assessing their 
performance contribution in a university, Expert Systems with  Applications, In Press, Corrected Proof, 
DOI: 10.1016/j.eswa.2009.1012.1020. 
Ordoñez de Pablo, P. (2003), Intellectual capital reporting in Spain: A comparative review, Journal of 
Intellectual Capital, 4.1, 61−81. 
Pablos, P.O. (2002),Evidence of intellectual capital measurement from Asia, Europe and the Middle East, 
Journal of Intellectual Capital, Vol. 3 Iss: 3 pp. 287 – 302. 
Perçin, S. (2010),Use of analytic network process in selecting knowledge management strategies", 
Management Research Review, Vol. 33 Iss: 5 pp. 452 – 471. 
Roos, J., Roos, G., Dragonetti, N. and Edvinsson, L. (1997), Intellectual Capital: Navigating the New 
Business Landscape, Macmillan Press Ltd, London. 
Roos, J., et al., (1997). Intellectual Capital: Navigating the New Business Landscape, Macmillan Press 
Ltd., London. 
Saaty, T.L. (1980),The Analytic Hierarchy Process, Boston: McGraw-Hill, Inc.  
Saaty, R. W. (2003). Decision making in complex environment: The analytic hierarchy process (AHP) for 
decision making and the analytic network process (ANP) for decision making with dependence and 
feedback,<www.Super decisions.com>. 
Saaty, T.L. and Tran, L.T. (2007) On the invalidity of fuzzifying numerical judgments in the Analytic 
Hierarchy Process, Mathematical and Computer Modelling, 46(7-8):962 - 975,. 
Saint-Onge, H.(1998). How knowledge management adds critical value to distribution channel 
managemen, Journal of Systemic Knowledge Management. 
Sarkis, J., SUNDARRAJ, R.P. (2005), Evaluation of Enterprise Information Technologies: A Decision 
Model for    High-Level Consideration of Strategic and Operational Issues, IEEE Transactions on 
Systems, Man., and Cybernetics—Part C: Applications and Reviews, 1-14,. 
Stewart, T.A., (1999). Intellectual Capital: The New Wealth of Organizations, Currency Doubleday, New 
York. 
Sirikrai SB, Tang J.C.S. (2006). Industrial competitiveness analysis: using the analytic hierarchy process. 
J. High Technol. Manage. Res., 17(1): 71-83. 
Skandia, (1996), Supplement to the annual report, Customer value. 
144   Arman Nedjati and Gokhan Izbirak /  Procedia - Social and Behavioral Sciences  107 ( 2013 )  136 – 144 
Sveiby, K. E.(1997),The New Organizational Wealth: Managing & Measuring Knowledge–Based 
Assets,Berrett- Koehler Publishers, San Francisco.\ 
Tran, L.T., Knight, C.G., O’NEILL, R.V., SMITH, E.R. (2004), Integrated Environmental Assessment of 
the Mid-Atlantic Region with Analytical Network Process, Environmental Monitoring and Assessment, 
94, Kluwer Academic Publishers, 263-277,. 
Triantaphyllou, E. (2000). Multi-criteria Decision Making Methods: a Comparative Study, Kluwer 
Academic Publishers. 
Wiig, K.M., (1997). Integrating intellectual capital and knowledge management, LongRange Planning, 
3(3), 399-405. 
 
